Circulating fatty acids are a major systemic energy source in the fasting state as well as a determinant of 2 hepatic triglyceride (TG)-rich very low-density lipoprotein (VLDL) production. Upon acute hypoxia, 3 sympathetic arousal induces adipose tissue lipolysis, resulting in an increase in circulating non-esterified 4 fatty acids (NEFA). Animal studies suggest that TG clearance may also be strongly reduced under 5 hypoxia, though this effect has been shown to be dependent on temperature. Whether the hypoxia-induced 6 rise in blood fatty acid concentrations effects fasting TG levels in humans under thermoneutral conditions 7 remains unknown. TG, NEFA and glycerol levels, were measured in fasted healthy young men (n=10) 8 exposed for six hours to either normoxia (ambient air) or acute hypoxia (fraction of inspired oxygen 9 (FIO 2 ) = 0.12) in a randomized, crossover design. Participants were casually clothed and rested in front of 10 a fan in an environmental chamber maintained at 28 °C during each trial. Under hypoxia, a significantly 11 greater increase in NEFA occurred (condition x time interaction, p=0.049) and glycerol levels tended to 12 be higher (condition x time, p=0.104), suggesting an increase in adipose tissue lipolysis. However, plasma 13 TG levels did not change over time and did not differ between the normoxia and hypoxia conditions. In 14 conclusion, acute exposure to normobaric hypoxia under thermoneutral condition in healthy men during 15 fasting state increased lipolysis without affecting circulating TG. 16
Despite relatively strong evidence from animal studies supporting an important deleterious impact of 75 acute hypoxia on triglyceridemia (Jun et al. 2012 (Jun et al. , 2013 , the effect of acute hypoxia on blood lipid 76 homeostasis in fasting humans remains elusive. Therefore, the present study examined the effects of an 77 acute 6-hour hypoxia exposure on plasma TG concentrations in resting and fasting healthy young men. 78
Confounding factors such as physical activity and diet prior to the study, as well as ambient temperature 79 during hypoxia were controlled. The fasting state was chosen to favor peripheral lipolysis and hepatic 80 NEFA delivery and experimental sessions were conducted at thermoneutrality because humans, through 81
proper clothing, usually live in such conditions. Beside plasma lipid levels, proxies of adipose tissue 82 lipolysis and plasma lipase activity were also investigated. We hypothesized that acute hypoxia exposure 83 in the fasting state would increase plasma TG concentrations by increasing hepatic NEFA availability for 84 VLDL-TG production and by decreasing peripheral TG clearance.D r a f t
Subjects 87
Thirteen healthy young men (age: 18-39 y) were recruited from the University of Ottawa population. Two 88 participants dropped out after completing one session due to schedule conflicts and 1 participant dropped 89 out due to altitude sickness (headache and severe vomiting during exposure to hypoxia). Body mass and 90 height were measured using a standard beam scale (HR-100, BWB-800AS; Tanita, Arlington Heights, 91 IL), and a standard stadiometer (Perspective Enterprises, Portage, Michigan, USA). Body fat was 92 estimated by dual energy X-ray absorptiometry (General Electric Lunar Prodigy, Madison, Wisconsin; 93 software version 6.10.019). On average, subjects were 26 ± 5.6 years, 177.9 ± 4.6 cm tall and weighed 94 79.9 ± 8.8 kg of which 22.6 ± 10.7% was fat tissue. The average time between each experimental session 95 was 6.4 days, and participants' weight (± 0.25 kg) did not differ between experimental sessions. 96
Exclusion criteria included: a history of physician-diagnosed asthma or other respiratory illness, 97 hypertension, CVD, diabetes, habitual bedtime occurring after midnight, shift work, and a current 98 smoking habit. Study subjects provided written consent and the study protocol was approved by the 99 D r a f t 7 antecubital vein for blood sampling. The line was flushed with 10 ml of physiological saline after each 110 blood draw to prevent coagulation and keep the catheter patent. Three milliliters of blood were discarded 111 before each draw to remove the saline from the sampling line and prevent any dilution of the blood 112 sample. Blood samples were collected in tubes containing ethylenediaminetetraacetic acid (EDTA). 113 Volunteers were exposed to hypoxia (fraction of inspired oxygen (FIO 2 ) = 0.12) and to ambient air 114 (normoxia) for 6 hours on 2 different sessions in a randomized cross-over fashion. Volunteers remained in 115 a semi-recumbent position, and occupied themselves by watching television. Sleep was not allowed. 116
Oxyhemoglobin saturation and heart rates were continuously monitored by pulsed oximetry using a 117 regulates TG uptake in several tissues, namely brown adipose tissue, favoring sustained low TG levels in 218 cold exposed rodents. At thermoneutrality, they demonstrate that mice TG levels are considerably higher 219 than those of counterparts kept at 22 °C and that hypoxia no further increased plasma TG in these 220 conditions. Whether a similar cold-hypoxia interaction is species-specific or occurs also in humans is 221 unknown and warrant further research. However, recent experiments done on cold-acclimated humans 222 showed no effect of a 5-hour cold exposure both on postprandial TG levels and dietary TG clearance rate 223 Consistent with this observation, fasting insulin levels in our study were 66% greater after 360 minutes of 245 hypoxia exposure (Figure 2) despite similar glucose levels (data not shown). This apparent reduction in 246 global insulin sensitivity, if present at the adipose tissue level, may also have contributed to a hypoxia-247 induced increase in lipolysis by lifting the inhibitory effect of insulin. Importantly, the major increase in 248 plasma NEFA observed in the present study had no apparent effects on fatty acid oxidation according to 249 indirect calorimetry measurements (Figure 1) , which is concordant with previous studies suggesting thatD r a f t 13 acute exposure to hypoxia has no significant effects of lipid oxidation rate (Brooks et al. 1991, Roberts et 251 al. 1996). Since the oxidative disposal of fatty acids was seemingly not altered by hypoxia, it remains 252 possible that the more abundant circulating NEFA under acute hypoxia exposure could eventually serve 253 for hepatic VLDL synthesis. Nonetheless, we observed no significant changes in plasma TG 254
concentrations. It appears unlikely that the higher insulinemia under hypoxia may have inhibited VLDL-255 TG secretion. Indeed, the suppressing effect of insulin on VLDL production has only been demonstrated 256 under hyperinsulinemic conditions (Lewis and Steiner 1996) whereas in the present study, while insulin 257 concentrations were higher under hypoxia after 6-hours, values were still below baseline (fasting) levels. 258
Another possible explanation for the absence of shift in plasma TG despite an increase in NEFA 259 availability is that NEFA are not utilized directly as an energy substrate in organs or for VLDL assembly 260 in the liver, but first enter a temporary and probably expendable intracellular TG pool (Gibbons and 261
Burnham 1991). This buffering capacity of the liver and/or peripheral organs could delay an increase in 262 hepatic TG output in response to a rise in plasma NEFA and mitigate the effects of acute hypoxia on TG 263 metabolism in humans. On the other hand, one could speculate that if tissue TG accumulation is not, in 264 the longer term, compensated by an increase output in hepatic VLDL-TG or an increase in lipid oxidation, 265 hypoxia could lead to ectopic fat storage and favor the development of metabolic abnormalities such as 266 insulin resistance. 267
The present study has some limitations. First, the main endpoint, plasma TG concentrations, does not 268 provide all the information regarding TG metabolism. The use of stably-labelled tracer infusions (Adiels 269 et al. 2015) could allow to better estimate lipid and lipoprotein production and clearance rates and provide 270 a more detailed picture of the effect of hypoxia on blood lipid homeostasis. Second, the duration of the 271 hypoxia exposure was restrained to 6 hours to limit the burden, fasting time and potential side-effects on 272 the hypoxia naïve participants. Whether a prolonged exposure could induce significant changes in plasma 273
TG concentrations remains to be tested. A third limitation regards the homogeneity of our study sample, 274 which consisted exclusively of healthy young men. This prevents the generalisation of our observations toD r a f t 14 women and/or metabolically deteriorated individuals. Whether individuals characterized by greater body 276 fat % or by an adversely altered lipid metabolism could be affected differently by hypoxia will have to be 277 addressed. 278
Conclusions 279
The current study supports the hypothesis that acute exposure to normobaric hypoxia increases adipose 280 tissue lipolysis but the resulting increase in fatty acid availability does not translate into elevated 281 circulating TG concentrations in fasting healthy men. 
